This study examines the symmetric and asymmetric exchange rate exposures of Chinese automobile firms at different time horizons. Empirical findings reveal that firm returns are less likely to be affected by currency movements at short-term (daily) horizons due to restrictions on the currency daily trading band, but (a)symmetric exchange rate exposures appear to be significant at relatively longer horizons after the launch of RMB internationalisation, particularly for monthly horizons. Possible hedging strategies could be the application of Forward Exchange Agreements, price difference between onshore and offshore RMB exchange rate, foreign reserves and other quantitative methods. Since returns of foreign capital shares tend to rise with the application of RMB, firms may also consider listing shares on foreign stock exchange in addition to the domestic market and produce products simultaneously in foreign nations through international expansion.
Introduction
It has been a widely-held belief that exchange rate movements are a major source of macroeconomic uncertainty that affect the profitability and value of international firms (Dornbusch and Fischer, 1980; Adler and Dumas, 1984; Jorion, 1990; Muller and Verschoor, 2006; . The currency exposure in the literature is defined as the sensitivity of firm values to exchange rate changes.
1 Unanticipated changes in exchange rates, in particular for independent floating rates, are a basic feature of the international financial market. Previous studies on currency exposure are exclusively focused on advanced economies with floating rates (Bodnar and Gentry, 1993; Khoo, 1994; He and Ng, 1998; Williamson, 2001; Muller and Verschoor, 2006) .
Howbeit, exchange rate exposure in emerging markets receives little attention due to their fixed or managed floating exchange rate policies. One of the interesting cases is the Chinese Yuan, or Renminbi (RMB), which is "deliberately" set to float within a narrow band that has benefited the Chinese economy. Nonetheless, the Chinese government is accelerating the pace of RMB internationalisation. The trading volume of the Chinese currency is experiencing dramatic increase in the international financial market. Although the RMB trading band is restricted at the daily level, unanticipated changes in the exchange rate might be subject to increase at longer horizons, for instance, the weekly or monthly horizons. This may expose Chinese firms to currency movements.
The 2008 financial crisis and its spillover effects to the global unfold the deeprooted vulnerabilities and systemic risks of the existing international monetary system (Zhou, 2009) . A reform of the system would be beneficial for the world economy, such as the reallocation of the Special Drawing Rights (SDR) within the IMF. Inspired from this, in March 2009, the People's Bank of China (PBOC) proposed to create an international reserve currency that is detached from individual countries and would be able to secure global financial stability in the long run. This symbolises the launch of RMB internationalisation. Since then, there have been several major milestones on the road to RMB internationalisation, for instance, the widen-1 A similar definition of exchange rate exposure is the impact of firm values exposed to unanticipated changes in exchange rate (Hodder, 1982; Dominguez and Tesar, 2001; Betts and Devereux, 2000) .The financial mechanism about currency exposure is that exchange rate changes have a significant impact on international competitiveness and trade balance and, accordingly, affect real income and output. Firm returns respond to exchange rate changes since the current value of firmsâĂŹ future cash flows are expressed and incorporated into stock prices.
ing of the RMB daily trading band to 2% in 2014, the incorporation of the Yuan as the fifth member of the IMF SDR currency basket, and the creation of Dim Sum bonds and offshore RMB bond markets. operations (Gao, 2002) , such as Toyota and BMW. This has been attributed to the dramatic increase in motor vehicle productions in China. On the other hand, the slowdown of the Chinese economy and the government's policy of internationalising the Yuan have stimulated Chinese automobile firms to seek overseas opportunities by means of overseas merges and acquisitions. These automobile firms have regular and irregular transactions and translations when they operate overseas. The currency exposure should be a great concern for firm managers and investors, since transaction and translation exposure are the two typical risks caused by the change in the exchange rate, which has a profound effect on firm values as stated in the literature. (Cuthbertson and Nitzsche, 2001; Shapiro, 2008) 4
In the literature, empirical evidence shows that firm returns are symmetrically respond to the change in the exchange rate (Ajayi and Mougouė, 1996; Nieh and Lee, 2002; Phylaktis and Ravazzolo, 2005) . However, Doidge et al. (2006) find that firms with high international sales outperform those with no international sales when the currency depreciates, whereas these firms underperform during periods of currency appreciations. This implies that currency depreciations may have different impact on firm returns than depreciations, i.e. asymmetric effects. Therefore, an increasing number of studies are shifting their interest to modelling asymmetric exchange rate exposure (Koutmos and Martin, 2007; Hsu et al., 2009; Cuestas and Tang, 2015) . In spite of this, the currency exposure at different horizons are rarely investigated, especially in the case of the Chinese currency which has restrictions on the currency daily trading band. At the daily horizon, the RMB daily trading band is limited at 2%. It is within the expectation of investors and firm managers.
They could offset possible currency exposures using certain hedging tools. While at longer horizons, the range of currency movements might go far beyond the current level since the market power plays a big part in determining the RMB exchange rate. As China currently owns 28% of the global automobile market share and the automobile industry contributes 2% of its national output, it therefore could be a major risk for Chinese automobile firms.
This paper examines both the symmetric and asymmetric exchange rate ex-4 The finance theory states that three kinds of typical risks caused by currency movement have an great impact on firm values: transaction exposure, translation exposure and operating exposure. The first two categories are basically accounting exposure and the last one concerns the exposure of the firm's present value of future operating cash flows resulted from the movement in the exchange rate.
posures of Chinese automobile firms at different time horizons, i.e. daily, weekly, monthly and quarterly. The measurement of symmetric exchange rate exposure is based on the traditional capital asset pricing model (CAPM) framework (Jorion, 1990; Martin and Mauer, 2003; Dominguez and Tesar, 2006) . Taking into consideration the return in excess of the risk-free rate, the augmented CAPM (ACAPM)
is introduced (Hsu et al., 2009; Huffman et al., 2010) . A GARCH(1,1) specification is added to the framework if ARCH effects exist in the regression residuals of the CAPM and ACAPM models (Chue and Cook, 2008) . In addition to the symmetric exchange rate exposure measurement, a nonlinear autoregressive distributed lagged (NARDL) model (Shin et al., 2014 ) is introduced to estimate the asymmetric effect of currency movements. The whole sample is divided into two subsample periods,
i.e. before and after the announcement of RMB internationalisation in March 2009, in order to examine the change in the currency exposure of Chinese automobile firms.
This research contributes to the literature mainly in three aspects. First, the findings of this paper strengths firm managers and investors' understanding of the symmetric and asymmetric currency exposures in the Chinese automobile industry, in particular under the circumstance of an accelerating pace of RMB internationalisation. Second, the study contribute to the past literature on investigating exchange rate exposure at different time horizons with a managed floating currency policy.
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It suggests that hedging strategies should focus on currency movements at weekly and monthly horizons. Third, empirical evidence shows that cross-listed auto firms (B-share firms in this case) relatively outperform those firms with a single-listed stock during ups and downs of currency movements. This could be an important implication for hedging currency exposures.
The remainder of this paper is organised as follows. Section 2 presents the theoretical model and econometric methods. Section 3 describes the data. Empirical findings and discussions are given in Section 4. The last section concludes the paper and proposes helpful policy implications for managing currency exposures.
5 This evidence is particularly important for Chinese automobile firms as there is a restriction on the currency daily trading band and currency risks at longer horizons are commonly ignored by firm managers and investors.
Econometric Modelling

Theoretical Framework
The measurement of currency exposure in the literature is specified as a regression of firm returns on exchange rate movements and returns of market portfolio (Adler and Dumas, 1984; Jorion, 1990; Bodnar and Gentry, 1993; Dominguez and Tesar, 2001; Martin and Mauer, 2003; Chue and Cook, 2008) . It is built on the conventional capital asset pricing model (CAPM) framework with the following form:
where SR i,t designates the total return of firm i, ER i,t and RM t denote exchange rate changes and returns of market portfolio, ε i,t is the white noise error term. (Jorion, 1990; Williamson, 2001; Dominguez and Tesar, 2006) , and also avoids the problem of endogeneity since firm returns cannot influence currency movements and returns of market portfolio.
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Investors expect that their investment returns should be above the return of the risk-free rate, for instance, government bonds. Therefore, researchers consider firm's excess returns by subtracting the risk-free rate (Fama and French, 1993) . Following Hsu et al. (2009) and Huffman et al. (2010) , the augmented CAPM is specified as follows:
6 The trade-weighted effective exchange rate is widely used in previous studies as multinational firms usually involve a lot of overseas operations. The trade-weighted RMB effective exchange rate is defined as the price of one Chinese Yuan in units of foreign currencies. An appreciation (depreciation) of the Yuan will have a negative (positive) effect on firm values. This paper considers the bilateral real exchange rate an import source of risk for Chinese firms, since the historical RMB exchange rate was found to mainly pegged to the USD (Frankel and Wei, 2007) , and the authorities still place a heavy weight on the USD in the currency basket. 7 A literal explanation of the CAPM implies that only market risks should be related to firm's asset price, and thus only changes in market returns should be symmetrically relevant to firm returns. If the CAPM were the true model for asset pricing, β 1,i should be equal to zero (Dominguez and Tesar, 2006) . This study is only interested in the currency exposure beta. The sensitivity to market returns will not be detailed in the empirical analysis.
where RF t is the risk-free rate, (SR i,t − RF t ) and (RM t − RF t ) designate excess returns of firm i and the market portfolio, respectively. The test of currency exposure in Equations (1)- (2) is to examine the significance of parameter β 1,i . It is referred to the residual exposure elasticity of firm i relative to the market average (Dominguez and Tesar, 2006) .
Modelling Symmetric and Asymmetric Exchange Rate Exposures
The popular approach for estimating currency exposures in Equations (1)- (2) is OLS. Nonetheless, the assumption of constant variance is usually rejected for financial time series data, for instance, exchange rates and stock prices, and ARCH effects commonly exist in the regression residuals. Therefore, we add a GARCH (1,1) specification into the market model if ARCH effects exist, otherwise, the original market model is estimated.
9 The theoretical models are written as the following:
where h i,t designates the conditional variances of residuals and µ i,t is assumed to be i.i.d. The models specified in Equations (3)- (4) measures the responsiveness of firm returns to currency movements. The parameter β 1,i indicates the linear adjustment of firm values to exchange rate changes. It is called symmetric exchange rate exposure. However, currency depreciations may have a stronger effect (in magni-tude) on firm returns than currency appreciations. Therefore, this study introduces the nonlinear autoregressive distributed lagged (NARDL) model to estimate the asymmetric effects of currency movements. In the NARDL framework, exchange rate changes are decomposed into a positive shock and a negative shock (Shin et al., 2014) .
RM t and ERM t (let ERM t = (RM t − RF t )) can be decomposed on the same basis. The error correction model form for measuring asymmetric exchange rate exposure is expressed as:
Let ESR i,t = (SR i,t − RF t ) , then the error correction model for asymmetric exchange rate exposure measurement taking into consideration the return of riskfree rate is the following:
The parameters of interest in the above two equations are the positive and negative exchange rate shocks. β (Equation (7)). ω t−1 and ∆ω t−j are k × 1 vectors of regressors that are the imposed long-run and short-run symmetric restrictions on the NARDL. (2), (4) and (7) will only be estimated for that available period.
listed in the mainland stock market.
14 Two types of exchange rates are adopted in this study: exchange rate of RMB/USD (units of USD per unit RMB) and the trade-weighted RMB effective exchange rate (TWEER). The bilateral exchange rate of RMB/USD is assumed to have significant impact on firm returns as the authorities assign a heavy weight to the USD in the currency basket. It is also collected from the Chinese Dazhihui securities trading software. TWEER is commonly used in the literature for measuring the sensitivity of firm returns to currency movements. This is supported by the fact in the case of
China that the Yuan is increasingly becoming popular in international transactions and Chinese firms are exposed to the movements of multilateral exchange rates.
TWEER is obtained from the Bank for International Settlements (BIS).
The measurement of currency exposure is the regression of firm returns on exchange rate changes and returns of market portfolio. Therefore, to conduct the empirical analysis, we need to construct relevant variables. Firm returns are expressed as natural logarithmic returns of two consecutive closing prices, that is are normally distributed in Panel D, while Jarque-Bera (JB) tests in other panels show that a very few number of firm returns are normally distributed (i.e. no more than 10). We thereby impose a t distribution on Equations (3)-(4), and the default assumption of a Gaussian distribution is selected for remaining models in the succeeding empirical analysis section.
Insert Table 1 about here. Figure 2 gives plots of the monthly real rate of RMB/USD and TWEER.
16 The left panel shows that the real exchange rate of RMB/USD was declining before the global financial crisis, which implied that domestic goods and services were relatively cheap. After the crisis, the RMB exchange rate becomes relatively stable and fluctuates within a small range. The right graph reveals that the Chinese currency was strengthening against that of major trading partners, except for some slowdowns during the financial crisis. weekly data, since no available price levels for the translation of the real exchange rate (RER) at short horizons. For the lower-frequency data (monthly and quarterly data), RER is adopted for the estimation as changes in price levels across countries should have an impact on the real value of the firm in the presence of foreign assets or liabilities (Williamson, 2001) . Table 2 show any obvious difference before and after the launch of RMB internationalisation.
Insert Table 3 about here. Insert Table 4 about here.
For the symmetric exposure measurement, this study adds a GARCH (1,1) specification to the CAPM. The results show that ARCH effects exist in daily and weekly time series data, but ARCH effects are less likely to be present in monthly and weekly data, especially for B-share auto firms (no ARCH effects). The symmetric exchange rate exposure estimates using data at different time horizons prove that the augmented CAPM improves the goodness of fit. Compared to the evidence from low frequency data, firm returns are more likely to be exposed currency movements at longer time horizons, i.e., monthly and quarterly horizons. This is due to the restriction on the daily trading band of the RMB exchange rate. As we are interested in the average exchange rate exposure of the sample Chinese auto firms, the estimated mean exposure can also be explained in the usual way. For instance, the average exposure beta for ordinary auto firms in the post-2009 sample in panel C of Table   3 is -0.569 at the monthly horizon, then it can be interpreted that a 1% increase in the RER reduces average auto firm returns by 0.569%. The estimates from the incorporation of a TWEER variable reveal that currency movements help increase firm returns before 2009, which might be due to the strong economic fundamentals in China in the past decades. But after the launch of RMB internationalisation, these firms, except for B-share auto firms, are receiving negative exposures from TWEER changes. This is consistent with the findings in the paper of Cuestas et al.
(2016) who studied the currency exposure of Chinese financial firms.
Measuring Asymmetric Exchange Rate Exposure
The preceding subsection discusses the estimates of symmetric exchange rate exposure. The numbers of significant positive and negative exposure betas vary among different subsamples and time horizons. To see how the ups and downs in exchange rates affect firm returns, we now turn to the analysis of asymmetric exchange rate exposure. Table 5 shows the estimation results of asymmetric exchange rate exposure using daily and weekly data. When nominal rate of RMB/USD is applied in this case, potential asymmetric effects are quite small and barely significant, as Insert Table 5 about here.
In addition, asymmetric currency exposures appear in some of the auto firms in panels C, but the numbers are very small relative to the total number of firms estimated in each subsample. The positive shock and negative shock do not present any significant disparities both in magnitudes and signs as well. This further confirms the conclusion in the symmetric exposure estimates in Table 2 that returns of Chinese automotive firms are less likely to be affected by the change in the exchange rate with a short-term horizon, i.e. daily and weekly horizons. Table 6 gives summaries of asymmetric RER exposure measurements using data at monthly and quarterly horizons. In panel A, the NARDL model estimates reveal that RER movements have asymmetric effects on returns of Fortune 500 auto firms, and the positive shock dominates the asymmetry as evidenced by the application of both monthly and quarterly data in the post-2009 subsample. It means that currency appreciations (RER increases) have a stronger effect on currency depreciations (RER decreases), but both shocks tend to increase firm returns.
Insert Table 6 about here.
Panel B shows that asymmetric effects exist in the augmented NARDL (ANARDL)
estimates using monthly data. Three out of four B-share auto firm returns are exposed to asymmetries. When RMB appreciates relative to the USD, firm returns are stimulated to rise due to a cheaper USD. The coefficient for β + is 1.91, which can be interpreted that an upturn in the RER by 1% increase average auto firm returns by 1.91%. Interestingly, RER decreases (RMB depreciation) also tends to lift firm returns. It might be due to the increase in RMB ordinary share returns of the same company, 19 but the effect is smaller than that of currency appreciations. Although asymmetries appear in the pre-2009 subsample using quarterly data for the NARDL framework, the PSS test cannot reject the null hypotheses, which indicates the nonexistence of long-run relationship among these variables.
Evidence in panel C shows that the number of asymmetries increases at both the monthly and quarterly horizon. Positive shocks again have a stronger effect on firm returns than negative shocks in the NARDL estimates after the launch of RMB internationalisation. A possible reason for this could be the expansion of overseas market, which encourages Chinese firms to sell excess products and make more profits. However, the augmented NARDL estimates present negative coefficients for the two betas when using quarterly data. It might indicate the importance of risk premium or the unique feature of the ANARDL. Notice that the number of asymmetries is small (5 out of 41) and some models are misspecified as indicated by the LM test. The higher model fit (seeR 2 ) may suggest the existence of collinearity problem. Table 7 reports the asymmetric exchange rate exposure measurement using monthly and quarterly data. TWEER is applied for the measurement. As shown in at the quarterly horizon, but the downward pressure on firm returns is much heavier in magnitude. Nevertheless, the number of asymmetries presented at the quarterly horizon is smaller than the monthly horizon. This suggests that asymmetric currency shock is more likely to be present at the monthly horizon. The internationalisation of the RMB exposes Chinese auto firms to negative exposures from TWEER changes.
20
The NARDL estimates suggest that the movement in the TWEER has negative exposure on auto firm returns after 2009. The number of firms receiving asymmetric effects increases after the announcement of RMB internationalisation. Both shocks put downward pressure on ordinary Chinese auto firms, 21 as shown in Table   7 , but the positive shock (RMB appreciation against the main trading partners) has 20 Positive effects shown in the ANARDL estimates at the quarterly horizon might be due to the nonexistence of asymmetries, see β + − β − . 21 This is different from the RER exposure that tends to increase firm returns. Since the increase in the RER makes the USD become cheaper, which exhibits a beneficial shock to firm returns. Transactions in foreign capital share markets become active, which stimulate the returns of other shares to increase. While the increase in the TWEER indicates that the currencies of main trading partners are becoming cheaper and foreign products are more competitive than Chinese products. Firm profits decline in this case, and thus firm returns deteriorate.
a strong effect on firm returns than the negative shock does (RMB depreciation).
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When TWEER increases, Chinese exports become less competitive compared overseas products. This generates downward pressure on firm returns, vice versa. This is presented in the pre-2009 sample. Interestingly, Fortune 500 auto firms are less likely to be affected by asymmetric shocks from TWEER movements. It could be explained that Fortune 500 auto firms may have more sophisticated skills to manage currency risks, and the returns of B-share auto firms are correlated with the movement in the RER rather than the TWEER.
The estimated asymmetric parameters have expected signs in Panel B and Panel C before the announcement of RMB internationalisation in 2009, but after that, currency movements only have negative impact on firm returns. This indicates that the move towards RMB internationalisation has negative impact on firm values, and the negative shock dominates the asymmetric effects. This is presented in the test of the whole sample period at the monthly horizon when the TWEER is introduced.
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It means that a downturn in the TWEER (RMB depreciation) has larger impact on firm values than RMB appreciations, as a strong currency is more likely to be accepted and used in international transactions, which generate less adverse effects on firm values, and vice versa. Therefore, a stable currency should be one of the key interests of an open economy.
Discussions
The preceding two subsections have analysed both the symmetric and asymmetric exchange rate exposures of Chinese automotive firms. The measurement of currency exposures at different horizons has very meaningful findings. Empirical evidence shows that currency movements at longer horizons generate (a)symmetric exchange rate exposure to Chinese automobile firms, while currency movements at shorter horizons have little impact on firm returns. This is especially significant after the announcement of RMB internationalisation in March 2009. It proves that currency 22 Chinese automobile firms are expanding their operations overseas by ways of purchasing foreign companies. This enables these firms to produces their products in destination countries, which could be an effective way of reducing exchange rate pass-through effect, since firms receive a smaller portion of cost shocks if they produce products simultaneously in other nations (Gron and Swenson, 1996 
Concluding Remarks
This study investigates both the symmetric and asymmetric exchange rate exposures of Chinese automobile firms in the context of an accelerating pace of RMB internationalisation. Empirical evidence shows that Chinese automobile firms are less likely to be affected by currency movements at short-term horizons, but symmetric exposure appears to be significant among common auto firms at the weekly horizon after the launch of RMB internationalisation. Asymmetric RER shocks exist among
Chinese automobile firms at the monthly horizon, which help raise firm returns after 2009. By contrast, asymmetric TWEER shocks put downward pressure on firm returns at the monthly horizon after the announcement of RMB internationalisation, and the negative shock dominates the asymmetric effects.
As for policy implications, we suggest that Chinese automobile firms need to hedge currency exposures at the monthly horizon. The exposures at the shortterm (daily) horizon can be negligible due to the ongoing managed floating currency policy. Since asymmetric TWEER shocks also exhibit significant exposure effects on firm returns at the monthly horizon, the hedging strategy should refer to the weights assigned to major currencies, rather than the USD alone. Several approaches could be applied by Chinese auto firms to reduce currency risks:
24 ( (1)-(4) using monthly and quarterly data. RER is used for the measurement. CCAPM and ACAPM designate the conventional CAPM (Equation (1)) and augmented CAPM (Equation (2) (1)-(4) using monthly and quarterly data. TWEER is used for the measurement. CCAPM and ACAPM designate the conventional CAPM (Equation (1)) and augmented CAPM (Equation (2) 
